n , with data on a strip lying on the lateral surface. The strip is of the form S × (0, T ), where S is an open subset of the boundary of X . The problem is ill-posed. Under natural restrictions on the configuration of S, we derive an explicit formula for solutions of this problem.
INTRODUCTION
By an ill-posed problem we mean any problem where the inverse operator is not continuous. If treated in Fr´echet spaces, a problem is ill-posed if and only if it fails to be solvable for all data. Ill-posed problems still remain a challenge for researchers.
An advertising slogan related to the Cauchy problem for elliptic equations is that, after J. Hadamard, the Cauchy problem for the Laplace equation is ill-posed. Of course, the instability refers here to the standard setting, because, in spaces with two-norm convergence, the Cauchy problem for elliptic equations proves to be stable; see [1] .
The character of instability, solvability criteria and regularization methods of the Cauchy problem for elliptic equations are studied in [2] . For a complete bibliography, we refer the reader to this work. Much of the theory developed in [2] extends immediately to other ill-posed problems of complex analysis or partial differential equations. This paper is motivated by a problem posed by M. M. Lavrentiev in the early 1980s; see, e.g., [3] . It was to find an explicit formula for the temperature inside a plane domain by using partial lateral and initial data. This problem is studied in [4] .
The paper [5] gives a necessary and sufficient solvability condition for the Cauchy problem for the heat equation with partial lateral and initial conditions. However, it falls short of providing an explicit regularization formula for the solution.
The problem of computing the value of a solution to the heat equation at a given point inside a bounded domain in R n after the initial time is considered in [4] . The initial data are given in an open part of the domain while the limit values of the solution and its normal derivative are known on an open part of the boundary over a finite time interval. The paper [4] presents two analytical formulas for the solution. It contains also earlier references to more special constructions. Both formulas make use of a special fundamental solution, containing a large parameter, to the formal adjoint of the heat operator. In spite of their elementary character, the formulas are still cumbersome, because they do not involve any substantial mathematical theory.
Our approach to the Cauchy problem for parabolic equations or systems in a cylinder C T = X × (0, T ) over a domain X ⊂ R n with partial lateral and initial data originates from [6] . More precisely, if one applies the Fourier or Laplace transform in the time variable t ≥ 0 to a parabolic equation, it transforms * E-mail: komil.84@mail.ru ** E-mail: olimjan@yahoo.com *** E-mail: tarkhanov@math.uni-potsdam.de to a family of elliptic equations with complex parameter τ in the domain X . On transforming the data on the lateral boundary of C T in a similar way, we arrive at a family of Cauchy problems for an elliptic equation with parameter in X with data on a nonempty open subset S of ∂X . To study this problem, one can immediately make use of the constructive techniques elaborated in [2] . It then remains to apply the inverse Laplace transform.
The Fourier transform is an important tool for studying several problems of mathematical physics and differential equations. In the classical papers, the functions under transform were assumed to be integrable at infinity. In physics, one often applies the Fourier transform to slowly growing functions without sufficient justification. A strong mathematical theory of the Fourier transform for slowly growing functions was first elaborated in [7] . No systematic study of the Fourier transform of rapidly growing functions, such as e x , e x 2 etc., had been done until the theory of Fourier transform for functions growing arbitrarily rapidly was elaborated in [8] . The generalization of the Fourier transform to rapidly growing functions is well motivated. As just one example, we mention that, for the heat equation u t = u xx , the natural domain in which the Cauchy problem is solvable and has a unique solution is constituted by all functions which grow more slowly than e x 2 as |x| → ∞ for each fixed t ≥ 0. Note that a characteristic feature of the paper [8] is to extend the problem to a complex domain and consider functionals on classes of (usually, entire) analytic functions.
We examine the applicability approach for the Cauchy problem for the heat equation in the cylinder over a cap-type domain X in R 3 . After making the Laplace transformation, we obtain a Cauchy problem for the Helmholtz equation in X with data on a piece of the boundary lying in the plane {x 3 = 0}. The potential of the Helmholtz equation amounts to exactly ıτ . An explicit Carleman function for this problem was first described in [9] . However, no correct proof had been given until the formula of [9] was revised in [10] Note that our approach applies to the Cauchy problem for a time-dependent system of couple-stress elasticity [13] and to the Maxwell equations [14] with partial lateral and initial data.
A CAUCHY PROBLEM FOR PARABOLIC EQUATIONS
Let X be a bounded domain with smooth boundary in R n , and S a nonempty open piece of the boundary surface ∂X . We consider the Cauchy problem for the heat equation in the cylinder C T = X × (0, T ) with data on the strip S × (0, T ) of the lateral surface of the cylinder, where T > 0 is a fixed number. More precisely, given functions f on C T and u 0 , u 1 on S × (0, T ), we must find a function u in C T , which satisfies
where ν is the unit outward normal vector for ∂X ; see the figure.
From the results of [15] it follows that problem (1.1) has at most one smooth solution u. The lateral surface does not contain any characteristic point for the heat equation, and so the Cauchy-Kovalevskaya theorem applies to problem (1.1). Hence if, moreover, S is real analytic, then, for all real analytic data f and u 0 , u 1 , this problem has a real analytic solution u locally close to S × (0, T ). By the above, it is unique.
In order to construct an approximate solution of the Cauchy problem (1.1), we continue the data f and u 0 , u 1 to the whole semicylinder t > 0, i.e., T = ∞ in the sequel.
On applying the Laplace transform in t ∈ (0, ∞) to all equations of problem (1.1), u(x, τ ) := Lu(x, τ ) =ˆ∞ 0 e −ıτ t u(x, t) dt,
